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Parthenin 1 undergoes skeleton rearrangement with introduction of acetate functionality to afford
compounds 28 and 29'upon treatment with Ac20IH2S04 at room temperature. Under similar reaction
conditions Cl6-cyclopropane derivative 23 of parthenin affords the rearranged products 31 and 32 with
acetate functionalities. Compounds 29 and 32 when warmed at 50°C in the presence of Ac20IH2S04
undergo dehydration to yield the trienes 30 and 34, respectively. The intermediacy of anhydroparthenin
19 and its Cl6-cyclopropane derivative 33 have been confirmed through their conversion to 28 and 31,
respectively by treatment with AcPIH2S04 at room temperature. The Ac20IH2S04 catalysed
rearrangement of present and earlier studies have been discussed along with earlier work done on
parthenin.
Parthenium hysterophorus L., a bitter herb, is
somewhat unattractive member of the compositae
(Asteraceae) family endemic to American
continent. It is an aggressive weed and has found
its way to Australia, Africa and to Asia. In India it
was reported in 1956 from Pune and commonly
known as "congress grass", "chatak chandni",
"white top", "gajar grass" or parthenium.
This obnoxious weed is responsible for contact
dermatitis I, erythematous papulovesicular
eruptions on face and lesions', allergic rhinitis' and
hay fever". Parthenium also poses hazards to
animals, ulceration of the muzzle dental pads,
dorsum of the tongue, and the upper palate was
seen in all the parthenium fed animals', Its
allelopathic" effects on plants have also been
observed. On the other hand, plant extract is used
as folk remedy against skin diseases, ulcerated
sores, facial neuralgia, fever and anaemia'. The
aerial parts of Indian variety Parthenium
hysterophorus contain parthenin 1 as the hmajor
component, along with hysterin 28, hymenin 35,
ambrosin 49, tetraneurin 510, damsin 611,
dihydroisoparthenin 712, dihydroparthenin 813 and
coronopilin 914 as sesquiterpene lactones. The
structure of parthenin was elucidated by Herz et al.
in 19629• Herz and Hogenauer" dehydrogenated
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treatment with N-bromosuccinimide in DMF-HzO
parthenin afforded monobromoparthenin 12 and
dibromocompounds" 13 and 14. Bhat and
Nagasampagi" reported that parthenin undergoes
alumina catalysed addition of water to afford 20.-
hydroxycoronopilin 15. These authors further
reported that methanol adds to parthenin in the
presence of acidic or neutral alumina to afford 20.-
methoxycoronopilin 16, while alumina under basic
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conditions affords 11, 13-dihydro-I 3-
methoxyparthenin 17 and 11, I3-dihydro-2a, 13-
dimethoxycoronopilin 18 in addition to 16.
Parthenin also undergoes dehydration with formic
acid to anhydroparthenin 199.19, while its treatment
with dimethyl amine yields damsin 6 and epi-
allodamsin 2118• Saxena et al." have studied the
structure activity relationship (SAR) for
allelopathic effects of parthenin, its cyclopropyl 23
and propenyl 24 derivatives obtained through
pyrolysis of its pyrazoline adduct 22.
Banerjee et at. 21 in 1990 have reported that a,l3-
unsaturated ketones in decalin rearrange to acetates
containing new useful synthons. The additional
oxygen functionality in the vicinity of lactones is
reported to enhance the biological activity of
sesquiterpene lactones". As parthenin also














prompted us to bring about molecular
rearrangements and addition of acetate moiety in
its five-membered ring. However, we remained
unsuccessful to introduce acetate functionality at
C4 position and bring about rearrangements as
achieved by Banerjee in decalin system.
Earlier, we have reported" that parthenin when
treated directly with Ac20-H2S04 at O°C afforded a
rearranged product 25 (Chart 2) which showed
higher ovicidal activity over many other
sesquiterpene lactones tested against maize borer
Chilo partellus Swinhoe. It has also been observed
that a solution of parthenin in Ac20 when treated
with Ac20-H2S04 at different temperatures (0° to
room temperature) and reaction periods (5 min to
16 hr) yielded different products", Thus, parthenin
and its cyciopropyl derivative in Ac20 upon
treatment with H2S04 underwent rearrangement of























26 Or 27 ( X = CH2 Or CH2-CH2
Chart 3
the carbon skeleton alongwith the introduction of
acetate moiety to give 26 or 27. The mechanism of
their formation is depicted in Chart 3.
Our continuous efforts to introduce acetate
functionality at C4 were ultimately achieved when
a solution of parthenin in Ac20 was treated with
Ac20-H2S04 mixture at room temperature. The
results are reported in this paper.
To parthenin dissolved in minimum quantity of
Ac20 was added Ac20-H2S04 (1:1, v/v) during 30
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min followed by further stirring for 30 min at room
temperature. The two products 28 and 29 formed,
were separated by column chromatography. The
mechanisms for the formation of 28 and 29 are
shown in Schemes I-III. Compound with higher R,
28 exhibited in its IR spectrum bands at 2950 (C-
H-stretching), 1755 (lactone), 1735 (acetate), 1615
(C=C) and 1240 cm' (O-Ac).
In IH NMR a three-proton singlet at 8 2.19
revealed the introduction of an acetate moiety at C4
position in place of keto group which was further
confirmed by the upfield shifts of C2-H and C3-H
protons as doublets at 8 7.05 and 8 6.24,
respectively. The two doublets at 8 5.95 and 5.55
were assignable to the Cl3 methylene protons,
while the double doublet at 8 6.06 and a broad
signal at 1.95 corresponded to C9-H and CIO-Me
protons, respectively in the triene 28. The
conjugation in 28 was further revealed by uv
spectral data; A.""", 300 nm (Ca1cd: 304 nm).
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The formation of 28 was further confirmed by
the treatment of anhydroparthenin 19 with Ac20-
H2S04,
The IR of compound 29 with lower R, showed
sharp bands at 3450 (O-H), 1766 (lactone), 1740
(acetate), 1618 (C=C), and 1245 cm' (acetate).
The IH NMR spectrum of 29 exhibiting the
three proton singlet at 8 2.0 revealed the presence
of an acetate moiety. The five olefinic protons are:
C13 methylene protons which appeared as two
doublets at 8 5.45 and 8 6.20, C3-H and CIO-H
appearing as doublets at 8 6.95 and 5.90
respectively. and C9-H showing up as a broad
signal at 6.0. The poorly resolved doublet at 8 6.95
due to C3-H and a doublet for Cz-H at 2.25
exhibited such a coupling constant (J=1.6 Hz)
which indicated that C2 and C3 protons still had
cis-relationship and that no stereochange had taken
place at C2 position during the migration of methyl
group.
The compound 29 surprisingly did not undergo
dehydration at room temperature in the presence of
H2S04• However, 'upon warming to 50°C it
underwent dehydration to yield a new compound
30 (cf. Chart 4). The IR spectrum of30 was devoid
of a peak due to -OH group and its IH NMR
spectrum exhibited a broad singlet due to C2-Me at
8 1.98. The untraviolet absorption at 305 nm
(CHCI3) pointed to the continued presence of three
conjugated C=C bonds as depicted in 30.
To extend the above work, the CI6 cyclopropyl
derivative 23 was prepared by the pyrolysis (160-
62°C) of the pyrazoline derivative 22 (m.p. 144-
45°C), which was prepared by the treatment of
parthenin 1 with diazomethane.
Consequently, the treatment of 23 in Ac20 with
AczO-H2S04 at room temperature (cf. Chart 4)
afforded a mixture of two products identified as 31
and 32. The IR of 31 exhibited peaks at 1760
(lactone), 1748 (acetate), 1605 (C=C) and 1240
cm' (acetate) and in its IH NMR Cz-H and C3-H
protons appeared as doublets at 8 7.00 and 6.30,
respectively. The singlet at 8 2.21 was due to
acetate moiety and the four-proton multiplet at
0.70-0.95 corresponded to the protons of
cyclopropyl ring.
The second compound 32 with lower R,
exhibited in its IR spectrum peaks at 1765


























cm' (acetate). Its IH NMR spectrum showed a
doublet due to Cy-Me protons at 8 1.21, and a 4H
signal for cyclopropyl ring at 0.75-0.95. The
formation of 33 as intermediate (cf. Chart 4) was
confirmed as it led to 31 upon treatment with
Ac20-H2S04•
Compound 33 was obtained from the
cyclopropyl derivative 23 by treatment with
HCOOH. It showed in its IR spectrum the absence
of -OH group, and its IH NMR spectrum showed
downfield doublets of C2-H and C3-H protons at 8
7.98 and 6.17 respectively, and the cyclopropyl
ring protons at 0.83-1.02.
Similarly, the hydroxyl group got eliminated to
afford 34 when compound 32 was warmed to 50°C
with AczO-H2S04• The absence of -OH group in
34 was confirmed by IR spectrum. The IH NMR
exhibited a broad signal at 8 6.95 due to CIO~H
protons.
Experimental Section
GeneraL IR spectra were obtained on a Perkin-
Elmer 337 spectrophotometer. IH NMR spectra
were scanned on a Varian Brucker Ac 300F NMR
DHILLON et al.: REARRANGEMENT OF PARTHENIN & ITS DERIVATIVES 869
spectrometer at 300 MHz with CDCl3 as solvent
and TMS as internal standard. Purity of the
compounds was checked by TLC on silica gel G.
Column chromatography was performed over
silica gel (60-120 mesh). The spraying reagent was
prepared by adding 3 mL of H2S04 to 10 mL of
ethanol followed by addition of I mL of glacial
acetic acid and 10 mg of vanillin.
Isolation of Parthenin 1. The dried and finely
powdered aerial parts of Parthenium hystero-
phorus were extracted with chloroform in a
Soxhlet apparatus for 48 hr. In this method 250 g
of powdered plant material and I litre of
chloroform were used at a time. Filtration followed
by distillation of solvent under reduced pressure
yielded a thick liquid. The green pigments
(chlorophyll) from this extract was removed by
adding 40 mL ethanol, 40 mL water, 5 g lead
acetate and 2 mL of acetic acid. The above mixture
was allowed to stand overnight when it yielded a
straw clear solution which was decanted,
concentrated, then diluted with equal amount of
water and extracted with CHCl3 (4x50 mL). The
organic layer dried over anhydrous Na2S04 and
distilled to yield a crude extract. This procedure
was repeated four times and the crude extract (10
g) so obtained was fractionated over silica gel (250
g) affording a mixture (1.34 g) of parthenin 1 and
coronopilin 9, and pure parthenin (2.85 g).
Parthenin 1and coronopilin 9 having very close R,
were separated carefully. Visualization of mixture
spot with. vanillin reagent revealed two
overlapping colours due to parthenin (yellow) and
coronopilin (blue). Pure parthenin from this
mixture was crystallized by dissolving in minimum
quantity of ethyl alcohol followed by addition of
1:4 (v/v) mixture of ether and hexane to milkiness
which on refrigeration for 2 hr afforded the fine
needles of parthenin (m.p. 159-61°); IR(CHCI3):
3400, 1740, 1710, 1660, 1598,820 em"; IH NMR
(CDCI3): 0 7.59 (d, IH, C2-H, J=7 Hz), 6.34 (d,
IH, C\3-H,J=2.5 Hz), 6.29 (d, IH, C3-H,J=6 Hz),
5.63 (d, IH, C\3-H, J=2.5 Hz), 5.05 (d, IH, C6-H,
J=8 Hz), 3.54 (m, IH, C7-H), 1.31 (s, 3H, Cs-Me),
1.13 (d, 3H, Cto-Me,J=7 Hz).
Reaction of parthenin with AezO-H1S04• To
parthenin 1 (1.31 g, 0.005 moleLdissolved in
minimum amount of acetic anhydride (5 mL) in a
50 mL round bottomed flask at room temperature
was added dropwise 3 mL of cold Ac20-H2S04
(1:1) over 30 minutes very cautiously so that the
temperature did not rise more than 0.2°C from the
room temperature. The reaction contents were
further stirred for additional 30 min. The reaction
mixture was poured onto ice, and extracted with
CHCl3 (3x15 mL). The chloroform layer was
washed with saturated sodium bicarbonate solution
till neutral, brine, dried over anhydrous Na2S04
and evaporated under reduced pressure to yield a
two component mixture (28, 29, 1.08 g) which
were purified over silica gel.
Compound 28. IR (CCI4:CDCI3): 2950, 1755,
1735, 1615, 1455, 1240, 940, 839 em"; IH NMR
(CCI4-CDCI3): 87.05 (d, IH, C2-H, Jr=1.6Hz), 6.24
(d, IH, C3-H,J=1.6 Hz), 6.06 (dd, IH, C9-H, J=1.8
Hz and 3.5 Hz), 5.95 (d, IH, C\3-H, J=1.5 Hz),
5.55 (d, IH, C\3-H,J=1.5 Hz), 4.65 (d, IH, C6-H,
J=8.0 Hz), 3.40 (m, IH, C7-H), 2.19 (s, 3H, C4, 0-
C-CH3), 1.95 (d, 3H, Cto-Me, J=1.2 Hz), 1.23 (s,
3H, Cs-Me);UV (CHCI3):A..nax 300 nm (Calcd. 304
Hz); 2.0 (s, 3H, C4, 0-CO-CH3); 1.28 (s, 3H, Cs-
Me); 1.18 (s, 3H, CI-Me).
Compound 29: IR (CCI4-CDCI3; 1:1): 3450,
2960, 1766, 1740, 1618, 1430, 1245, 955, 842
em"; IH NMR (CCI4"'CDCI3;1:1): 8 6.95 (d, IH,
C3-H,J=1.6 Hz), 6.20 (d, IH, C\3-H,J=1.5 Hz), 6.0
(b' IH, C9-H), 5.90 (d, IH, Cto-H,J=1.0 Hz), 5.45
(d, IH, C\3-H,J=1.5 Hz), 4.50 (d, IH, C6-H, J=8.0
Hz), 3.45 (m, IH, C7-H), 3.00 (m, IH,
exchangeable with D20), 2.25 (d, 2H, C2-H, J=1.5
Hz); 2.0 (s, 3H, C4, 0..co-CH3); 1.28(s, 3H, Cs-
Me); 1.18 (s, 3H, CI-Me).
Transformation of parthenin 1 to
anhydroparthenin 19. A solution of parthenin 1
(1.31 g; 0.005 mole) in 10 mL of anhydrous formic
acid was refluxed for 12 hr. The brown solution
thus obtained was diluted with water and
thoroughly extracted with chloroform (3x20 mL).
Removal of solvent from the washed and dried
chloroform extract gave a yellow oil which was
dissolved in hot ethyl acetate. A small amount of
pet. ether was added and solution kept aside in a
refrigerator when anhydroparthenin 19 precipitated
out (0.78 g, yield 62.5%), m.p. 124-25°.
Compound 19: IR (CHCI3) 2970, 1766, 1714,
1652, 1560,883 em"; IHNMR (CDCI3): 0 8.02 (d,
IH, C2-H, J=6 Hz), 6.02 (d, IH, C\3-H, J=2 Hz),
6.19 (d, IH, C3-H, J=6 Hz), 5.79 (d, IH, C\3-H,
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J=2 Hz), 4.48 (d, IH, C6-H,J=6 Hz), 3.26 (br, IH,
CrH), 2.14 (s, 3H, CIO-Me),1.31 (s, 3H, Cs-Me);
Anal. Found: C, 73.89; H, 6.63. Caled for
CIsH1603:C, 73.74; H, 6.59%).
Reaction of anhydroparthenin 19 with A~O-
H2S04. To 250 mg of anhydroparthenin 19,
dissolved in minimum amount of acetic anhydride
(2 mL) in a 50 mL round bottomed flask at room
temperature, was added dropwise 3 mL of cold
Ac20-H2S04 (1:1) and kept at room temperature
for 40 min. The reaction mixture was poured onto
ice and extracted with chloroform. The chloroform
layer was neutralized by washing with saturated
sodium bicarbonate solution followed by brine,
dried over anhydrous Na2S04 and evaporated
under reduced pressure to give only a single
compound 28 (TLC) which was column
chromatographed over silica gel (100 g).
Reaction of 29 with Ac20-H2S04. Compound
29 (110 mg) in Ac20-H2S04 (3 mL) upon warming
for 20 min at 50°C afforded a single product 31
which was purified by column chromatography
over silica gel (90 g); IR (CCI4-COCI3;1:1): 2968,
1768, 1742, 1610, 1235, 1195,934, 838, 742 cm';
IHNMR (CDCI3):s 7.10 (d, IH, CIO-H,J=1.5 Hz),
6.25 (s, IH, C3-H), 5.95 (d, IH, Cl3-H,J=1.5 Hz),
5.89 (m, IH, C9-H), 5.60 (d, IH, Cl3-H,J=1.5 Hz),
4.58 (d, IH, C6-H,J=8.0 Hz), 3.50 (m, IH, C7-H),
2.10 (s, 3H, C4-O-C-CH3),1.98 (br s, 3H, C2-Me),
1.22 (s, 3H, Cs-Me). Anal. Found: C, 71.31; H,
6.35. Caled for C17HIS04:C, 71.29; H, 6.29%; UV
(CHCI3):A.nax 305 nm (Caled: 309 nm).
Reaction of parthenin 1 with CH2N2. A
solution of parthenin 1 (1.31 g, 0.005 mole) in
Et20 (100 mL) was allowed to react with an
ethereal solution of CH2N2 until a yellow colour
persisted for 30 min at room temperature. The
resultant pyrazoline 22 (m.p. 145-47°) was
crystallized from chloroform; IR (nujol): 3200,
2950,1760,1715,1440,1385,1188,970,875,760
ern"; IH NMR (CDCI3-DMSO-d6):7.69 (d, 'IH,
C2-H, J=6 Hz), 6.30 (d, IH, CrH, J=5 Hz), 5.68
(d, IH, C6-H,J=5 Hz), 4.35 (m, 2H, -N=N-CH2),
3.15 (m, IH, C7-H), 1.70 (d, 3H, CIO-Me,J=7 Hz),
1.40 (s, 3H, Cs-Me); Anal. Found: C, 63.0; H:
6.46; N, 9.1. Caled. for C16H20N204:C, 63.1; H,
6.4; N, 9.2%.
Pyrolysis of 22. Pyrazoline 22 (1.30 g) was
heated at 160-62°C for 30 min to afford a mixture
which on chromatography over silica gel gave a
pure solid 23, m.p. 124-25°; IR (CHCI3): 3500,
1745, 1712, 1246, 960, 840 em"; IH NMR
(CDCI3):s 7.69 (d, IH, C2-H, J=6 Hz), 6.14 (d, IH,
C3-H,J=6 Hz), 5.10 (d, IH, C6-H, J=6 Hz), 3.55
(m, IH, C7-H), 2.20 (m, 5H, Cs-H, C9-H and Cw-
H), 1.34 (s, 3H, Cs-Me), 1.12 (d, 3H, CIO-Me,J=7
Hz), 0.79-0.98 (m, 4H, cyclopropyl protons); Anal.
Found: C, 69.8; H, 7.25. Caled for C16H2004:C,
69.5, H, 7.3%.
Reaction of 23 with A~O-H2S04. To 1.00 g of
23, dissolved in minimum amount of acetic
anhydride (3 mL) in a 50 mL round bottom flask at
room temperature, was added 3 mL of cold AC20-
H2S04 (1:1) dropwise during 30 min so that
temperature did not rise by more than 0.2°C and
the mixture kept at room temperature further for 30
min. Thereafter it was poured onto ice and
extracted with CHCl3 (3x15 mL). The chloroform
layer was washed with saturated sodium
bicarbonate solution till neutral, brine, dried over
anhydrous Na2S04 and evaporated under reduced
pressure. It yielded a two component mixture (0.88
g) which was chromatographed over silica gel (100
g) to get pure compounds 31 and 32.
Compound 31: IR (CCI4-CDC13;1:1): 2970,
1760, 1748, 1605, 1240, 1193,948, 829, 718 cm';
IHNMR (CCI4-CDCI3):s 7.00 (d, IH, CrH, J=1.6
Hz), 6.30 (d, IH, C3-H, J=1.6 Hz), 6.08 (dd, IH,
C9-H, J=2.0 and 3.8 Hz), 4.70 (d, IH, C6-H, J=8.0
Hz), 3.45' (m, IH, CrH), 2.21 (s, 3H, O-C-CH3)'
1.92 (d, 3H, CIO-Me,J=1.2 Hz), 1.25 (s, 3H, Cs-
Me), 0.70-0.95 (m, 4H, cyclopropyl protons);
Anal. Found: C, 72.71; H, 5.76. Calcd. for
CIsH1704:C, 72.69: H, 5.73%.
Compound 32: IR (CCI4-CDCI3; 1:1): 3570,
1765,1744,1615,1245,1171,958,822,720 cm'";
IH NMR (CDCI3): s 6.82 (d, IH, C3-H,J=1.5 Hz),
5.95 (s, IH, ClO-H,J=2.2 Hz), 5.90 (m, IH, C9-H),
4.66 (d, IH, C6-H,J=8.4 Hz), 3.45 (m, IH, C7-H),
°2.15 (s, 3H, C4, -O-C-CH3); 1.30 (s, 3H, C6-Me),
1.21 (d, 3H, C2-Me, J=6 Hz); 0.75-0.95 (m, 4H,
cyclopropyl protons); Anal. Found: C, 67.90; H,
6.96. Caled CIsH220S:C, 67.93; H, 6.92%.
Dehydration of 23 to cyclopropyl
anhydroparthenin 33. A solution of 500 mg of
cyclepropyl derivative 23 of parthenin in 5 mL of
anhydrous formic acid was refluxed for 12 hr. The
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brown coloured solution formed was diluted with
water and thoroughly extracted with chloroform.
Removal of solvent from the washed and dried
chloroform extract gave a yellow oil which was
dissolved in hot ethyl acetate. A small amount of
pet. ether was added and solution kept aside in a
refrigerator when 332 mg of cyclopropyl
anhydroparthenin 33 (m.p. 133-35°) precipitated
out which showed the absence of hydroxyl group in
its IR spectrum. IR (CCI4: CHCI3, 1:1): 1763, 1717
1653, 1562, 1237, 1196, 979, 826, 744 cm'; IH
NMR (CDCI3): 87.98 (d, IH, C2-H, J=6 Hz), 6.17
(d, IH, C3-H,J=6 Hz), 4.46 (d, IH, C6-H,J=6 Hz),
3.24 (br, IH, C7-H), 2.12 (s, 3H, CIO-Me),1.3i (s,
3H, Cs-Me), 0.83-1.02 (m, 4H, cyclopropyl
protons); Anal. Found: C, 74.40; H, 7.02. Calcd for
CIsH1603:C, 74.37; H, 7.0%.
Reaction of 33 with Ac20-H2S04• The
cyclopropyl derivative of anhydroparthenin, 33
(100 mg) was dissolved in minimum quantity of
Ac20 (2 rnl.) and to it at room temperature was
added dropwise 1.5 mL of Ac20-H2S04 (1:1, v/v)
very cautiously so that the temperature did not rise
more than 0.2°C. The whole addition was carried
out during 30 min and the reaction contents were
further stirred for additional 30 min at room
temperature. The formation of compound 31 was
confirmed by TLC.
Reaction of compound 32 at 50°C. Compound
32 (125 mg) in 1 mL of Ac20 on warming at 50°C
for 20 min in the presence of Ac20-H2S04
furnished the dehydrated product 34 which was
purified by column chromatography over silica
gel; IR(CCI4-CDCI3; 1:1): 2955,1755,1745,1608,
1236, 942, 831 em"; IH NMR (CCI4-CDCI3):8
6.95 (d, IH, CIO-H,J=1.5 Hz), 6.20 (s, IH, C3-H),
5.85 (m, IH, C9-H), 4.55 (d, IH, C6-H,J=8.6 Hz),
°1\3.54 (m, IH, C7-H), 2.20 (s, 3H, C4, O-C-CH3),
1.88 (s, 3H, C2-Me), 1.20 (s, 3H, Cs-Me), 0.75-
0.90 (m, 4H, cyclopropyl protons); Anal. Found:
C, 72.96; H, 5.44. Calcd for Cl~2004: C, 72.93; H,
5.41%.
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